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The magnesium hydrolyzing reaction was catalyzed in situ using a layered Mg2Ni com-
pound, rapidly producing hydrogen in NaCl solution. The post-H2 generation residue
(mixture of Mg(OH)2 and Mg2Ni catalyst) was recycled to recover pure Ni powder from the
waste mixture. Pure Mg (153 g) and pure Ni (47 g) in a eutectic composition were easily
melted to form a molten alloy by a super-high-frequency (35,000 Hz) induction furnace.
The lamellar material had an Mg/Mg2Ni/Mg/Mg2Ni. layered structure, in which each layer
wasw0.8 mm thick; Mg was an anodic phase and Mg2Ni was a cathodic phase (the catalyst).
Bulk Mg/Mg2Ni composite alloy contains many microgalvanic cells. Owing to the lamellar
microstructure, no dense hydrated oxide film that might have caused surface passivation
was found, allowing continuous H2 generation until no magnesium remained to participate
in the hydrolysis. The activation energy of the hydrolysis reaction in simulated sea water
was w36.35 kJ mol1.
Copyright ª 2013, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights
reserved.1. Introduction Numerous metals, including zinc, magnesium and aluminumConcern over greenhouse gases (GHG) that are produced by
the combustion of fossil fuels has led to extensive research
into alternative energy sources. Several scientists and envi-
ronmentalists promote hydrogen fuel as a clean and sus-
tainable alternative to fossil fuel with a high energy density
[1e3]. Hydrogen can be generated using various methods
(electrolysis of water, gasification of heavy oil, coal or biomass
and reforming of hydrocarbons) [4e7]. For example, water or a
water-based solution [8e19] is a typical source from which
hydrogen is extracted using metals with high activity.3; fax: þ886 4 22857017.
tw (J.-Y. Uan).
2013, Hydrogen Energy P
51and others, are active in generating hydrogen from water
[8e19]. Moreover, Wang et al. [14] modeled and analyzed the
use of an aluminumewater system to produce electricity and
hydrogen simultaneously. The aluminum/water or magne-
sium/water system is good for use in a simple H2-generating
device of light weight. In previous investigations [20e26], Al
and Al alloys have typically been produced as powders, which
provide high hydrolysis rates because of their large surface
areas. However, since powdered Al and Al alloys may be
explosive when in contact withmoisture or heat [27], they and









i n t e r n a t i o n a l j o u r n a l o f h y d r o g e n en e r g y 3 8 ( 2 0 1 3 ) 1 3 5 2 0e1 3 5 2 8 13521Another problem is that Al(OH)3 forms on the surface of Al,
preventing the fresh Al surface from continuously reacting
with H2O, reducing the rate of production of hydrogen with
the Al material. Great advances have been made in solving
this problem, such as bymixing aqueous NaOH [22,28e30] and
aqueous KOH [22] with Al and Al scraps in the generation of
H2. For this purpose, a highly alkaline solution must be pre-
pared. Instead of using alkaline aqueous, Pudukudy et al. [31]
studied the formation of hydrogen from sea water that was
mixed with waste aluminum and calcium oxide. Seawater is
well known to be the greatest source of crude water. Its high
chloride content (w3.5 wt.% of NaCl) can trigger an intense
reaction [32e34]. The authors of the present study previously
[11,12,35e37] studied the production of H2 from Mg scraps in
seawater or simulated seawater. However, a metallic catalyst
is required to catalyze the hydrolysis reaction of Mg scrap in
the NaCl aqueous to improve H2 yield [11,12,37]. Similarly,
Grosjean et al. [9] examined the formation of hydrogen by the
hydrolysis of high-energy ball-milledMg/Ni composite in pure
water and aqueous KCl catalyzed by Ni crystal [9]. Zou et al.
[10] studied the preparation of Mg-based hydro-reactive ma-
terials by high-energy ball milling and their reactive proper-
ties in seawater. The ball milling method was utilized to form
an Mg/Co or Mg/Ni powder composite with significant activity
in seawater [10]. However, the aforementioned investigations
do not elucidate any process for extracting Ni or Co powder
from the hydrolysis residue following H2 generation, so these
metals are wasted. Additionally, whereas many studies have
examined methods of mass production of Mg2Ni [38,39] and
Mg/Mg2Ni [40e42] for storing H2, none has investigated the
recycling of the Mg2Ni to extract Ni from the Mg2Ni at the end
of its useful life for storing H2. Accordingly, one of the
important goals of this study is to develop a recycling method
for extracting noble metal elements from post-H2 generation
residue.
Inoue et al. [43] examined the effect of impurities on the
corrosion behavior of pure Mg in aqueous 3 wt.% NaCl, and
obtained a corrosion potential of0.95 (VAg/AgCl) for Mg2Ni and
1.70 (VAg/AgCl) for Mg. Accordingly, one may produce a Mg/
Mg2Ni/Mg/Mg2Ni. lamellar composite, where Mg2Ni (the
cathode phase) may catalyze the hydrolysis of Mg (anode
phase) following the Reaction (1) to generate H2




In this study, Mg/Mg2Ni lamellar composite material was
fabricated using a super high-frequency induction furnace.
The rates of H2 generation were plotted as a function of
temperature in aqueous NaCl, and the activation energy of the
hydrolysis reaction was obtained. A simple process for recy-
cling the post-H2 generation residue (amixture ofMg(OH)2 and
Mg2Ni) was developed to extract Ni powder.10 mm 75 mm 
95
Fig. 1 e The schematic diagram of the Y-block.2. Experimental
FromMgeNi phase diagram [44], the composition ofMg/Mg2Ni
has a eutectic point at 76.5 wt.% Mg and 23.5 wt.% Ni. In this
work, a 99.9%magnesium ingot and a 99.9% nickel ingot were
the raw materials. To form the Mg/Mg2Ni eutecticcomposition, the raw materials were melted using a super
high-frequency induction furnace with a frequency of up to
35,000 Hz. The shielding gas that was used during the melting
was 0.5 vol.% of SF6 in dry air, which prevented the molten
magnesium alloy from burning. The molten metal was
maintained at 900 C for 30 min until all Ni nuggets were
alloyed with molten Mg; they were then totally melted in Mg
liquid. According to the phase diagram [44], the solidification
temperature at the Mg/Mg2Ni eutectic point is 508 C. The
molten alloy was poured into a Y-block permanent mould
(Fig. 1) for solidification.
Experiments in which H2 was generated were performed in
a glass graduated cylinder that contained aqueous 3.5 wt.%
NaCl. The temperatures of the aqueous solutions in the ex-
periments were 5 C, 25 C, 45 C and 65 C. The amount of
generated H2 was measured against time by monitoring the
displacement of water in the graduated cylinder. The Mg/
Mg2Ni sample (0.1 g) in 150 mL of the aqueous NaCl was used
and the amount of H2 generated measured. When the sample
had reacted, the post-H2 generation residue was collected and
analyzed.
For each temperature case, experiment was repeated four
times to verify experimental data. Mg/Mg2Ni hydrolysis re-
actions in aqueous NaCl at various temperatures (5 C, 25 C,
45 C and 65 C) were performed to study their kinetics. The
activation energy of the Mg hydrolysis reaction that was
catalyzed by Mg2Ni was determined by measuring the rate of
generation of H2 (mL s
1 (gcatalyst)
1) at different temperatures.
Moreover, in this study, all microstructural characterizations
were performed using scanning electron microscopy (JSM-
6700F, JEOL, Japan). The crystallographic data for all of the
samples herein were obtained by X-ray diffraction using
CuKa1 (1.5406 A) radiation.
This work also focused on the recycling of the post-H2
generation residue, and the extraction of Ni powder from it.
The residual product (Mg(OH)2 and Mg2Ni) following H2 gen-
eration was washed with deionized water and dried in an
i n t e rn a t i o n a l j o u r n a l o f h y d r o g e n en e r g y 3 8 ( 2 0 1 3 ) 1 3 5 2 0e1 3 5 2 813522oven. The residue powder was immersed in 100 mL of 3 M
NH4Cl solution for one hour and two hours at room temper-
ature. The product of NH4Cl treatmentwas rinsed in deionized
water and dried in an oven. The microstructure and the
crystallography of the recycled Ni powder were characterized.
Ni is well known to be a soft magnet. Thus, the hysteresis
loops of the Ni powder and the samples before recycling were
obtained at room temperature using a superconducting
quantum interference device magnetometer (SQUID; MPMS5,
Quantum Design, USA) in a maximum applied field of 5 kOe.3. Results and discussion
3.1. Metallography and crystalline structure of Mg/
Mg2Ni lamellar composite
Fig. 2 displays the X-ray diffraction pattern and an SEM mi-
crographic image of Mg/Mg2Ni lamellar composite. The X-ray
diffraction pattern shows crystals of Mg (JCPDS 35-821) and
Mg2Ni (JCPDS 35-1225). As presented in Fig. 2(b), the SEM
image captured in the backscattering image mode (BEI)Fig. 2 e As-cast Mg/Mg2Ni lamellar composite: (a) the XRD
pattern of the as-cast lamellar composite, showing the X-
ray peaks of Mg and Mg2Ni, (b) the image observed in the
backscattering mode with SEM, in which the white phase
is Mg2Ni and the dark phase is Mg (herein, Mg2Ni is a
cathodic phase working as catalyst while Mg is an anodic
phase).reveals the Mg/Mg2Ni lamellar composite microstructure. As
shown, the microstructure was a mixture of Mg and Mg2Ni
lamellae. The white phase was Mg2Ni and the dark phase was
Mg. The Mg/Mg2Ni lamellar composite had a lamellar spacing
of a few hundred nanometers. Inductively Coupled Plasma
with Atomic Emission Spectroscopy (ICPeAES) was utilized to
determine the Ni wt.% in the Mg/Mg2Ni lamellar composite
sample. Since the solution limit of Ni in an Mg matrix is
extremely low [45] (maximum equilibrium solid solubility
<0.0933 wt.% [46]), the weight percentage of Mg2Ni in the
lamellar composite could be obtained from theNi content that
was itself determined by ICPeAES. The Ni content of the Mg/
Mg2Ni lamellar composite that was obtained by ICPeAES was
21.9 wt.%. Thus, the weight percentage of Mg2Ni in the Mg/
Mg2Ni lamellar composite was 41 wt.%. For comparison,
calculating the weight percentage of Mg2Ni in MgeNi phase
diagram [45] when Ni content is 21.9 wt.%, the calculated
result is 40.6 wt.% of Mg2Ni which is close to the value of
41 wt.% that was obtained from the ICPAES measurements.
3.2. Production of hydrogen from Mg/Mg2Ni lamellar
composite in aqueous 3.5 wt.% NaCl
An Mg/Mg2Ni lamellar composite sample was immersed in
aqueous 3.5 wt.% NaCl to produce hydrogen generation
(Fig. 3(a)). H2 bubbling from the Mg/Mg2Ni lamellar composite
could be visually examined (Fig. 3(a)). The sample immedi-
ately and vigorously reactedwith aqueous NaCl (Fig. 3(a)) until
the end of the reaction (Fig. 3(f)). The sample was transformed
from a block (Fig. 3(a)) into powdered residue (Fig. 3(h)). During
the generation of H2 (Fig. 3(a)e(f)), the magnesium was acti-
vated at all times during the hydrolysis to form H2, catalyzed
by Mg2Ni. An earlier investigation by the authors [11] studied
the generation of H2 using an Mg alloy ingot, catalyzed by a
platinum-coated titanium net (80  80 cm2) in aqueous NaCl,
which was statically pressed onto it. However, the generation
of H2 had ceased byw16 min, with almost the entire Mg ingot
remaining because the Mg(OH)2 passive layer prevented con-
tact between the catalytic net and the ingot [11].When theMg/
Mg2Ni lamellar composite was used, the passivation that
prevented H2 generation did not occur. As displayed in Fig. 2,
the lamellar composite had the Mg/Mg2Ni/Mg/Mg2Ni. layer-
by-layer microstructure, with a submicron (w0.8 mm) layer
thickness. The hydrolysis of each Mg layer was catalyzed in
situ by the adjacent Mg2Ni. Hence, a continuous Mg(OH)2
passive layer could not form on the surface of the composite
sample during the hydrolysis because the Mg2Ni and H2
bubbling inhibited the formation of a continuous protective
Mg(OH)2 layer. Therefore, the product of the hydrolysis,
Mg(OH)2, increased the turbidity of the aqueous NaCl
(Fig. 3(a)e(f)). Thus, throughout the hydrolysis reaction, the
Mg/Mg2Ni lamellar composite continuously generated H2 until
the bulk sample had become a powder (Fig. 3(c)e(f)). Fig. 3(h)
presents the dried post-H2 generation residue, which
comprised mostly Mg(OH)2 and Mg2Ni (catalyst) (according to
the X-ray diffraction results that are presented later in Fig. 5).
Fig. 4 plots the cumulative volume of hydrogen generated
per gram of Mg/Mg2Ni lamellar composite against time in
aqueous 3.5 wt.% NaCl at various temperatures. As shown in
the figure, the volume of generated H2 increased with the
Fig. 3 e Hydrogen generation from a Mg/Mg2Ni lamellar composite bulk (1.2 g) in 3.5 wt.% NaCl aqueous: (a) The H2 bubble
vigorously generated on the bulk surface at the beginning, (b) after 3 min, (c) after 10 min, (d) after 30 min, (e) after 60 min, (f)
after 120 min, (g) after 120 min and (h) dried residue product powder.
i n t e r n a t i o n a l j o u r n a l o f h y d r o g e n en e r g y 3 8 ( 2 0 1 3 ) 1 3 5 2 0e1 3 5 2 8 13523temperature of the solution. Experimentally, in 20 min, 1 g of
the Mg/Mg2Ni lamellar composite sample generated 460mL of
hydrogen at 5 C, 550mL at 25 C, 610mL at 45 C and 750mL at
65 C.
Fig. 5(a) presents the post-H2 generation residue. As shown,
the lamellar structure of the lamellar composite was
destroyed. Fig. 5(b) shows the XRD pattern of the residue,
which includes XRD peaks of Mg(OH)2 and Mg2Ni but no Mg
peak. Inoue et al. [43] examined the effect of impurities such
as Ni, Fe and others on the corrosion behavior of pure mag-
nesium in salt water. As an example, Ni as an impurity has a
low solid-solubility limit, and so forms Mg2Ni intermetallic
compound in the Mgmatrix, providing as active cathodic sites
for the reaction of water with magnesium [47]. Pure Mg has
corrosion potential w1.70 VAg/AgCl [43,48] whereas that ofMg2Ni is w0.95 VAg/AgCl [43]. Therefore, the former is the
anodic phase and the latter is the cathodic phase. The Mg/
Mg2Ni lamellar composite microstructure (Fig. 2) therefore
could comprise many microgalvanic cells. Experimentally, in
aqueous NaCl, the Mg phase in the Mg/Mg2Ni lamellar struc-
ture was transferred into H2 and Mg(OH)2 based on Reaction
(1).
3.3. Activation energy of hydrolysis of Mg/Mg2Ni
lamellar composite in aqueous 3.5 wt.% NaCl
The weight percentage of Mg2Ni (the catalyst) in Mg/Mg2Ni
lamellar composite was w41 wt.%. The volume of H2 gener-
ated volume per gramof catalyst was obtained as a function of
time. As presented in Fig. 6(a), the volume of H2 generated per
















































Fig. 4 e Hydrogen generation volume per one gram of Mg/
Mg2Ni lamellar composite sample in 3.5 wt.% NaCl solution
at different temperatures.
(a)   5oC  25oC
 45oC  65oC







































































i n t e rn a t i o n a l j o u r n a l o f h y d r o g e n en e r g y 3 8 ( 2 0 1 3 ) 1 3 5 2 0e1 3 5 2 813524gram of Mg2Ni increased with time and temperature when the
lamellar composite samples were immersed in aqueous 3.5%
NaCl at 5 C, 25 C, 45 C and 65 C. The data in Fig. 6(a) con-
cerning the initial stage of the reaction reveal that the volume
of generated H2 volume depends linearly on time.Fig. 5 e Characterization of the residue product after H2
generation: (a) the SEM image of the residue product after
hydrogen generation, (b) the XRD pattern of the by-product,
showing the X-ray peaks of Mg2Ni and Mg(OH)2.
3.0 3.2 3.4 3.6 
1/T (1000K-1)
1.0 
Fig. 6 e (a) Hydrogen generation volume per one gram of
Mg2Ni (the catalyst) as a function time in aqueous 3.5 wt.%
NaCl at different solution temperatures, (b) the Arrhenius
plot of the H2 generation rates (mL s
L1 sL1 (gcatalyst)
L1).Accordingly, the slope of each line was the rate of generation
of H2, which was consistent with zero-order hydrolysis by
Reaction (1) in the presence of Mg2Ni (catalyst). The rate of H2
generation is generally given by the Arrhenius equation,
ln r ¼ ln k0-EAR $
1
T
where r is the rate of hydrogen generation (mL s1 (gcatalyst)
1);
ko is the reaction constant (mol g
1 s1); EA is the activation
energy of the reaction (kJ mol1); R is the universal gas con-
stant, and T is the reaction temperature. Fig. 6(b) shows the
Arrhenius plot of the hydrogen generation rate. The activation
energy for the Mg hydrolysis reaction catalyzed by Mg2Ni in
the Mg/Mg2Ni lamellar composite was 36.35 kJ mol
1. For
comparison, Soler et al. [49] studied hydrogen generation from
water and aluminum powder (w44 mm) promoted by sodium
stannate, and obtained activation energy of 73 kJ mol1. Wang
et al. [50] utilized Al-rich alloy bulk (grain size 23  5 mm) and
distilled water to generate hydrogen, and found an activation
energy of 53  4 kJ mol1.
3.4. Chemical conversion of post-H2 generation residue
to Ni powder
The residue comprised Mg2Ni and Mg(OH)2, identified by XRD
diffraction (Fig. 5(b)). The solubility of Mg(OH)2 in water is very
i n t e r n a t i o n a l j o u r n a l o f h y d r o g e n en e r g y 3 8 ( 2 0 1 3 ) 1 3 5 2 0e1 3 5 2 8 13525low (0.00069 g/100 mL H2O [51]). The Mg(OH)2 powder in the
residue was very fine particles (SEM micrograph not shown).
Thus, obtaining pure Mg2Ni phase from the residue product
was difficult. Wang et al. [52,53] immersed 10 g of ball-milled
Mg2Ni particles in 500 mL of distilled water for 120 h to study
the formation of Ni nanoparticles during the hydrolysis of
Mg2Ni. X-ray diffraction results verified the formation of Ni
particles following immersion for 120 h [52,53]. In this inves-
tigation, as shown in Fig. 7, immersing the residue product for
only 1 h in 100 mL of 3 M aqueous NH4Cl at room temperature
yielded pure Ni powder. The XRD diffraction patterns in Fig. 7,
from top to bottom, are of (a) the residue product, (b) the
sample after 1 h treatment in aqueous NH4Cl and (c) the
sample after 2 h treatment in aqueous NH4Cl and (d) is the
standard JCPDS pattern of Ni powder. The Mg(OH)2 and Mg2Ni
were eliminated from the residue when the residue was
treated in aqueous 3 MNH4Cl for 1 h and 2 h. The final product
after NH4Cl treatment was Ni powder. Fig. 8 presents the SEM
micrographs of Ni power after treatment for 1 h and 2 h. It
seems that, since the shape of Mg2Ni in Mg/Mg2Ni lamellarFig. 7 e XRD diffraction patterns from top to bottom: (a)
residue product, (b) treating the residue product in 3 M
NH4Cl for 1 h, (c) residue product, (b) treating the residue
product in 3 M NH4Cl for 2 h, (d) standard Ni powder
diffraction data from JCPDS Card No. 4-850.
Fig. 8 e The Ni powder obtained after treating the residue
product in aqueous NH4Cl at room temperature for (a)
1 h and (b) 2 h.composite is plate-like, the morphology of the Ni particle ob-
tained from the reaction of the Mg2Ni in aqueous NH4Cl may
also become plate-like (Fig. 8). Importantly, pure Ni has good
soft-magnet properties. Figs. 9 and 10 plot the magnetic hys-
teresis loops of Mg/Mg2Ni lamellar composite, the residue and
the recycled Ni powder. As displayed in Fig. 9(a), theMg/Mg2Ni
lamellar composite exhibits soft magnetism. However, the
saturationmagnetization of the Mg/Mg2Ni lamellar composite
is only 0.289 emu g1. Fig. 9(b) reveals that the saturation
magnetization of the post-H2 generation residue is
1.578 emu g1, which exceeds that of the Mg/Mg2Ni lamellar
composite. Fig. 10(a) and (b) plots the magnetic hysteresis
loops of the recycled Ni powder. The plate-like Ni powder has
saturationmagnetization values of up to 20 emu g1 (Fig. 10(a)
and (b)). Additionally, the Ni powder had very low coercivity,
and can be said to be magnetically soft.
3.5. Chemical reaction of residue in aqueous NH4Cl
In this work, the noblemetal Ni inMg2Ni catalyst was recycled
by treating the residue product (Mg(OH)2 þ Mg2Ni) with
aqueous NH4Cl at room temperature. As shown in Fig. 7, the
residue product (Mg(OH)2 þ Mg2Ni) disappeared when the
residue was treated in 3 M NH4Cl, after which the reflection
peaks of Mg(OH)2 and Mg2Ni were not observed. Novikov et al.
[54] showed that aqueous NH4Cl dissolved Mg(OH)2 in the

















































































Fig. 9 e Magnetic hysteresis loops of (a) Mg/Mg2Ni lamellar
composite, (b) the residue product (Mg(OH)2 D Mg2Ni







































































(b) 2 hr treatment 
Fig. 10 e Magnetic hysteresis loops by SQUID VSM: (a) Ni
powder obtained by treating the residue product for 1 h, (b)
Ni powder obtained by treating the residue product for 2 h.
i n t e rn a t i o n a l j o u r n a l o f h y d r o g e n en e r g y 3 8 ( 2 0 1 3 ) 1 3 5 2 0e1 3 5 2 813526studied the formation of manganese minerals in oceanic fer-
romanganese deposits, using aqueous 5% NH4Cl to remove
Mg(OH)2 on the mineral compounds. Abdel-Aal et al. [55] also
identified the Reaction (2).
2NH4Cl þ Mg(OH)2/ MgCl2 þ 2NH3 þ 2H2O (2)
The magnesium hydroxide (Mg(OH)2) was dissolved in
aqueous NH4Cl, forming magnesium chloride (MgCl2(aq)) and
water (H2O(l)), probably by chemical Reaction (2) [55]. The
ammonia gas (NH3) was exposed to air and had the charac-
teristic pungent smell. The MgCl2 has high solubility in water
(56.0 g/100mLH2O [51]). The X-ray experiment (Fig. 7) revealed
that no X-ray peak of Mg(OH)2 and MgCl2 was obtained after
the residue was treated in aqueous NH4Cl. Wang et al. [52,53]
examined the formation of Ni nano-powder by the hydrolysis
of Mg2Ni with distilled water. They proposed the following
hydrolysis reaction of Mg2Ni [52,53].
Mg2Niþ 4H2O/2MgðOHÞ2 þNiþ 2H2 ½52; 53 (3)
However, the Ni powder was obtained after 120 h of hy-
drolysis by Reaction (3) [52,53]. In this study, converting Mg2Ni
into Ni powder in aqueous NH4Cl took only one hour. There-
fore, the hydrolysis reaction that was proposed byWang et al.[52,53] was not the main reaction Ni powder-forming herein.
The following reaction ofMg2Ni in aqueousNH4Cl is proposed,
Mg2Ni(s) þ 4NH4Cl(aq)/ Ni(s) þ 2MgCl2(aq) þ 4NH3(g)
þ 2H2(g) (4)
where aq, s, and g in parentheses refer to the aqueous, solid,
and gaseous states, respectively. The overall reaction (which
combines Reactions (2) and (4) herein) is therefore as follows.
Mg(OH)2(s) þ Mg2Ni(s) þ 6NH4Cl(aq)/ 3MgCl2(aq)
þ 6NH3(g) þ 2H2O(l) þ Ni(s) þ 2H2(g) (5)
We believe that the residue product is converted into pure
Ni powder by Reaction (5).4. Conclusions
1. Two metals (Mg and Ni) with very different melting tem-
peratures (650 C vs. 1455 C) were melted into a molten
alloy at w900 C using a super high-frequency (35,000 Hz)
induction furnace in a short period around 1 h. TheMg alloy
that contained 23.5 wt.% of Ni, thus formed, had a fully Mg/
i n t e r n a t i o n a l j o u r n a l o f h y d r o g e n en e r g y 3 8 ( 2 0 1 3 ) 1 3 5 2 0e1 3 5 2 8 13527Mg2Ni lamellar structure. Since a large amount of Ni must
be melted to form themolten alloy, the 35,000 Hz induction
furnace is required to ensure rapid MgeNi melting.
2. In the Mg/Mg2Ni lamellar composite, Mg and Mg2Ni were
stacked layerby layer inthesequenceMg/Mg2Ni/Mg/Mg2Ni.,
where Mg is the anode and Mg2Ni is the cathode. Experi-
mentally, approximately 622 mL of hydrogen was generated
in45minusing 1 gofMg/Mg2Ni composite inneutral aqueous
NaCl at 25 C.About 750mLH2per gramof the compositewas
formed in 20min in an aqueous NaCl at 65 C. The activation
energy of hydrolysis of the Mg/Mg2Ni composite in neutral
aqueous 3.5 wt.% NaCl was 36.35 kJ mol1.
3. The cathode/anode lamellar structure continuously gener-
ated H2. The evolution of H2 did not stop until the bulk ma-
terial was fully transformed into residue powders (Mg2Ni þ
Mg(OH)2). A continuous passivation Mg(OH)2 layer was not
formedon thebulksurface inaqueousNaClprobablybecause
theMg2Ni (thecathode) intheMg2Ni/Mg/Mg2Ni/Mg.lamellas
interrupted the formation of a continuousMg(OH)2 film.
4. The post-H2 generation residuewas themixture of powdered
Mg(OH)2 and Mg2Ni. The residual powder was recycled by
treating it in aqueous NH4Cl, to extract pure Ni powder.
Mg(OH)2 was dissolved in the aqueous NH4Cl. According to
the relevant literature, Mg2Ni is not only a promising com-
pound for storing H2 but also an effective electrode for a
battery. The Ni recycling technique herein may be extended
to the recycling of the Mg2Ni at the end of its useful life for
storing H2 and for use in battery anodes.Acknowledgment
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